representing approximately one third of all cardiovascular deaths 2 in the United States. Only 1% to 8% of individuals with OHCA survive to hospital discharge. [3] [4] [5] [6] Patients who have ventricular fibrillation for less than 3 to 4 minutes (the electrical phase of cardiac arrest) 7 fare relatively well if rescuers arrive quickly and provide prompt defibrillation. [8] [9] [10] [11] However, once ventricular fibrillation has been present longer, the myocardium becomes depleted of adenosine triphosphate and defibrillation usually results in conversion to asystole or a pulseless electrical rhythm. Context Only 1% to 8% of adults with out-of-hospital cardiac arrest survive to hospital discharge.
(CPR) before defibrillation can increase intracellular adenosine triphosphate levels and improve survival. [12] [13] [14] Attaining a coronary perfusion pressure of more than 15 mm Hg is one of the best predictors of return of spontaneous circulation (ROSC) in animals [15] [16] [17] [18] [19] [20] [21] and humans. 22, 23 Manual chest compression provides only approximately one third of the normal blood supply to the brain and 10% to 20% of the normal blood flow to the heart. 24 The use of a load-distributing band (LDB) device for chest compressions has been shown to achieve intrathoracic pressures higher than achievable safely during manual chest compression. The device improves coronary and systemic perfusion pressures and flows compared with those that can be achieved with manual CPR in animal models and in a small number of terminally ill patients. 15, 25 In addition, in 1 study, 26 an LDB device was associated with improved ROSC compared with manual chest compression when used by paramedic fire captains in a large, urban emergency medical services (EMS) system.
The goal of our study was to compare survival outcomes in patients with OHCA treated before and after the LDB device was used on urban EMS ambulances.
METHODS

EMS System Characteristics
The Richmond Department of Fire and EMS provides first-response assistance on life or death emergency calls using a fire apparatus based at 20 fire stations. The trucks are staffed by emergency medical technicians who can perform manual CPR and defibrillate by using automated external defibrillators. The Richmond Ambulance Authority provides emergency advanced life support ambulance service for the city of Richmond, Virginia (population, 197 456; service area, 62.5 square miles), and the ambulances are deployed using an Advanced System Status Management strategy. An average of 11 (range, 8-19) advanced life support ambulances is in service at any given time.
The Richmond Ambulance Authority used a mechanic chest compression device (Michigan Instruments Thumper, Grand Rapids, Mich) as its standard CPR technique in the 1990s as a labor-saving device, but switched to manual CPR in 1998 when the aging compression devices became difficult to maintain. The Richmond Ambulance Authority used the LDB device (AutoPulse, ZOLL Circulation, Sunnyvale, Calif ) as its new standard method for providing chest compression beginning in May 2003 (shortly after the US Food and Drug Administration [FDA] granted approval of the device as a labor saving device to free up paramedics to perform other tasks during resuscitation).
Study Design
The change in the standard method of performing chest compression during CPR provided an opportunity to conduct a phased, nonrandomized, observational study of the clinical outcomes of patients treated before and after the transition from manual CPR to LDB-CPR using the noninvasive device that received FDA clearance (K011046) on October 24, 2001 .
The LDB device generates artificial circulation by compressing the chest with an 8-inch-wide by 12.5-inchlong load-distributing band. The band is positioned directly over the sternum with the upper edge just below the patient's arms. The band is tightened, then relaxed, around the chest to provide a rhythmical squeezing effect that reduces the anteroposterior dimension of the chest by 20% measured at the sternum. The device adjusts automatically to the size and shape of each patient and is constructed around a backboard that contains a motorized rotating shaft under microprocessor control. The device delivers 80 chest compressions per minute. The compression depth is measured from the amount of belt spooled by the device.
Cardiac Richmond uses a shock-first strategy only on first-responder or paramedic-witnessed cardiac arrest cases; in all other cases, first responders or paramedics are trained to provide 90 seconds of CPR before defibrillation (CPRfirst strategy). These practices were continued before and after introduction of the LDB device into the Richmond EMS system, with the initial 90 seconds of CPR being performed manually until the LDB device could be set up and applied to the patient. No significant OHCA treatment protocol changes were made between January 1, 2001, and March 31, 2005, and there were no other significant changes in the EMS system configuration or capabilities during this time (eg, no change in the use of automated external defibrillators by first responders). The number of public access defibrillation sites has been increasing slowly in Richmond for the last 10 years (now totaling Ͻ20 sites), but events from such sites account for less than 1% of all cardiac arrests.
Study Population and End Points
The study population included all adult patients with nontraumatic OHCA, defined as patients with absence of pulse, unresponsiveness, and apnea who received either CPR, defibrillation, or both, in Richmond during the study period. We excluded patients pronounced dead in the out-of-hospital set-ting by paramedics without attempting resuscitation, OHCA caused by obvious major trauma, patients younger than 18 years, prisoners, mentally disabled, or pregnant women.
The primary outcome measure was ROSC. Secondary outcomes included survival to hospital admission and hospital discharge, and neurological/ functional status at discharge. Variable and outcome definitions followed the Utstein recommendations.
27-30 Return of spontaneous circulation was defined as the presence of any palpable pulse, in the absence of chest compression, and detectable by manual palpation. Survival to admission was defined as patient admission to the hospital without ongoing CPR or other artificial circulatory support. Survival to hospital discharge was defined as a patient surviving the primary event and being discharged from the hospital alive. Neurological and functional status was assessed at discharge using standard Glasgow-Pittsburgh outcome measures. The Cerebral Performance Category score evaluates only cerebral performance capabilities, and the Overall Performance Category score reflects both cerebral and noncerebral status.
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Institutional Review Board Review
Data were collected from EMS patient care report forms, emergency department, and in-hospital patient records to determine clinical outcomes using a waiver of consent from each receiving hospital institutional review board. Other data sources included public accessible death certificate information. When necessary, we obtained consent and conducted an interview of the patient or their proxy to determine their current neurological (functional) outcome status.
The study was reviewed and approved by the Virginia Commonwealth University Health System Committee for the Protection of Human Subjects as well as the institutional review boards of community hospitals receiving patients with OHCA in Richmond (Chippenham & Johnston Willis Hospitals, Bon Secours Hospitals, which included St Mary's, Richmond Community, and Richmond Memorial Hospitals). The institutional review boards waived the requirement for patient/ family consent and authorized a coinvestigator on the staff of each hospital to do a retrospective chart review to determine survival and the Cerebral Performance Category and Overall Performance Category at discharge. The institutional review boards preferred to waive the consent requirement to look at the chart to eliminate calling families of patients who died before hospital discharge. There was no significant difference in the method used or the completeness of data collection between phases of the study. Survival outcomes to hospital discharge were obtained on 97.6% of patients (manual CPR phase, 97.4%; and LDB-CPR phase, 97.8%; P =.81 by Fisher test).
Quality Assurance Measures
Our study included the following elements for quality assurance: development of standard protocols to perform all data collection and follow-up activities, use of standardized forms, uniform criteria for patient identification, standardized data processing, editing of incoming data, regular communications between the study investigators to resolve questions, and internal monitoring of data collection. Additional steps to ensure data quality included range checks and verification built into the data entry system, and a sequence of logic checking and examination of variables.
Because this was a retrospective analysis, the only reliable time intervals available from the EMS system were the first-response fire units and EMS ambulance response time intervals (from call receipt at the 911 emergency medical dispatch center until arrival of the respective units at the call's location). For the last 15 calls during the LDB-CPR phase, paramedics were asked to call into medical dispatch on their portable radios when they arrived at the patient's side and when the LDB device was attached and started. The median time interval from EMS ambulance arrival at location to crew at patient side was 3.0 minutes and the median time interval from crew at patient side to LDB device attached and started was 3.6 minutes.
Sample Size
Before our study, the Richmond Ambulance Authority quality improvement program tracked only ROSC data (but not survival to hospital discharge data). Six months of ROSC data before (21% ROSC) and after (37% ROSC) the product evaluation period was used to estimate the sample size. To detect a 16% improvement in ROSC between LDB-CPR and manual CPR (37% vs 21%), with a 2-sided test size of 5% and a power of 90% would require 180 patients with cardiac arrest in the LDB-CPR group. To overcome loss to follow-up and nonparticipation, we sampled 150% of the required number of cardiac arrests for the intervention group. Hence, we estimated that 720 patient charts would be required to be reviewed, at an allocation ratio of 1:2 (270 in the LDB phase and 540 in the manual phase) to allow for loss to follow-up.
Statistical Analysis
Analysis was conducted by using JMP version 5.1 (SAS Institute Inc, Cary, NC). Frequency tables and descriptive statistics for all covariates were calculated. Univariate comparisons using t tests, 2 tests, or Fisher tests were conducted to identify differences in distribution of covariates between phases. Those comparisons with PϽ.20 were included for consideration in the final logistic regression models. As prespecified, all statistical analyses were performed on an intention-to-treat basis, including all patients in the manual CPR phase with cardiac arrest and manual CPR, and all patients in the LDB-CPR phase with cardiac arrest, whether the LDB device was used or not applied. Associations between treatment groups and all end points were analyzed by using the 2 test with odds ratios (ORs) presented where applicable. Logistic regression was used to adjust for relevant covariates and adjusted ORs and 95% confidence intervals (CIs) are given for all end points. In the secondary analysis, the outcomes for patients in the LDB-CPR phase who actually received the device were estimated.
RESULTS
The Richmond EMS system responded to 2766 persons having cardiac arrest aged 18 years or older be- 1 shows the characteristics of patients treated during the manual CPR and LDB-CPR phases. There were no significant differences in age, sex, arrest location, bystander CPR, initial rhythm, whether the patients were defibrillated, and whether the cardiac arrest was bystander witnessed. There was a slightly faster ambulance response time interval (mean difference, 26 seconds) during the LDB-CPR phase (P = .03). There were fewer EMSwitnessed arrests during the manual CPR phase vs the LDB-CPR phase (12.6% vs 18.7%, P = .03). To adjust for these group differences, EMSwitnessed and ambulance response time were incorporated into the logistic regression models described below.
Beginning in February 2004, one receiving hospital (Virginia Commonwealth University Health System) instituted a postresuscitation, mild hypothermia protocol for patients with OHCA who remained comatose after resuscitation. Ten patients received hypothermia during the LDB-CPR phase. We controlled for the effect of hypothermia treatment postresuscitation in the logistic regression model for survival to hospital discharge.
The LDB device was applied to 210 (73.9%) of patients during the LDB-CPR phase. Reasons for nonapplication included not indicated when it arrived at the patient's side (69%), machine not available (19%), mechanical failure during attempted operation (6%), or inability to fit the device on an oversized or undersized patient (6%). Reasons the paramedics believed that the device application was not indicated were family requested cessation of resuscitation or presence of a valid do not resuscitate order (44%), establishment of ROSC shortly after initial defibrillation with or without a brief period of antecedent manual CPR (40%), or cardiac arrest occurring en route to a hospital with insufficient time for paramedics to apply the device before emergency department arrival (16%). (Table 2) , the absolute risk reduction was 6.8% or 0.068 (95% CI, 0.03-0.11), giving a number needed to treat of 15 (95% CI, 9-33).
The relationship between ambulance response time interval and survival to hospital discharge by treatment phases only for patients whose cardiac arrest was not witnessed by firstresponse fire units or paramedics was also estimated. First-responder and EMS-witnessed cardiac arrests were excluded from the calculation, because they would essentially have a response time interval of zero. All of the benefits of LDB-CPR vs manual CPR phases occurred when paramedic ambulances arrived on location in less than 8 minutes from the time of 911 call receipt. For patients with ambulance response time intervals of less than 8 minutes, survival to hospital discharge was observed in 6 of 323 patients (1.9%; 95% CI, 0.9%-4.0%) for manual CPR phase and 15 of 185 patients (8.1%; 95% CI, 5.0%-13.0%) for LDB-CPR phase; whereas for ambulance response time intervals of 8 minutes or more, survival to hospital discharge was observed in 3 of 103 patients (2.9%; 95% CI, 1.0%-8.2%) for manual CPR phase and 1 of 37 patients (2.7%; 95% CI, 0.5%-13.8%) for LDB-CPR phase. Abbreviations: CI, confidence interval; CPR, cardiopulmonary resuscitation; EMS, emergency medical services; LDB, load-distributing band; OR, odds ratio. *Both crude and adjusted ORs are presented in the logistic regression models. For the LDB-CPR phase, the total number of patients is not 284 due to missing data. †Adjusted for differences in response time intervals and percentage of EMS witnessed. ‡Adjusted for differences in response time intervals, percentage of EMS witnessed, and whether postresuscitation hypothermia was used. For the unadjusted and adjusted ORs and 95% CIs, a weighted logistic regression was performed. FIGURE 2 displays the ROSC and survival to hospital discharge rates in 3-month intervals. Athough there is considerable overlap of the 95% CIs due to the small cell sizes, the figure provides a visual sense of the effect of duration of LDB use on the outcome measures.
COMMENT
In our study, OHCA clinical outcomes were improved following the introduction of LDB into an urban EMS system. The benefit was relatively robust across a range of patient subsets, especially for those patients with ventricular fibrillation initially, bystander witnessed events, and recipients of bystander CPR.
A variety of techniques can produce circumferential chest compression during resuscitation. The first, an airfilled pneumatic vest, improved blood flow and survival in animals and improved coronary perfusion pressure in humans compared with manual chest compression. 15, 32 It was energy inefficient and could not function as a practical, portable resuscitation device. The LDB device, cleared through the 510(k) FDA regulatory pathway as a laborsaving chest compression tool during resuscitation, has an energy efficient electric motor that compresses the chest with a microprocessor-controlled LDB.
The LDB device generates systemic pressures and flows that are better than manual chest compression in animal models 25 and humans. 33 It produced a mean coronary perfusion pressure of 21 mm Hg compared with 14 mm Hg with Abbreviations: CI, confidence interval; CPR, cardiopulmonary resuscitation; LDB, load-distributing band; ND, not determined; OR, odds ratio; ROSC, return of spontaneous circulation.
manual chest compression in a porcine animal model. 25 The LDB-CPR compressions produced 36% of normal coronary blood flow compared with 13% by manual CPR without pharmacological vasopressor support. With epinephrine, the LDB device generated normal heart and brain flow levels. In a pilot clinical study, 16 sequential patients who were terminally ill received alternating periods of manual CPR vs LDB-CPR for 90 seconds each after 10 minutes of failed standard advanced life support. 33 The LDB-CPR compression Patients treated with LDB-CPR experienced a higher rate of ROSC than patients treated with manual CPR (39% vs 29%, P=.003). The magnitude of the ROSC with LDB-CPR vs manual CPR was similar to that noted in our study.
The majority of the survival to hospital discharge benefit observed in our LDB-CPR cases was due to improved outcomes among patients with initial ventricular fibrillation. Although patients with initial asystole had a higher rate of ROSC and a trend toward better survival to hospital discharge with LDB-CPR compared with manual CPR, the latter difference was not statistically significant, possibly due to the relatively small sample size in these subsets. No survival difference was noted in those patients with pulseless electrical activity initially, perhaps reflecting the wide range of underlying pathological triggers for cardiac arrest that may not be countered effectively by improved blood flow in such patients.
Although rates of bystander CPR were similar between groups, the combined effect of LDB plus bystander CPR conferred a 16-fold increase odds of survival to hospital discharge. This observation, if confirmed in future studies, suggests that there may be an opportunity for improving survival by using a community strategy of aggressive bystander CPR training and prearrival telephone CPR instruction followed promptly by an optimized form of CPR.
The main limitation of our study is that it was not a randomized controlled trial. Despite this, we believe that the results are valid because patients in the 2 phases were comparable in all respects except for a slightly faster EMS response time interval and more frequent EMS-witnessed events during the LDB-CPR phase. The improved outcomes observed during the LDB-CPR phase persisted even after adjusting for these differences using logistic regression.
Similarly, although one of the receiving hospitals instituted a postresuscitation, mild hypothermia protocol during the LDB-CPR phase, it cannot explain the disparity in outcomes between the 2 groups. Although we were able to show the survival benefit of hypothermia in these patients, they represented less than 4% of patients in the LDB-CPR phase. This is not a large enough number of cases to sway the results, corroborated by our observation that logistic regression modeling continued to show improved survival to hospital discharge during the LDB-CPR phase vs the manual CPR phase, after adjusting for the effect of postresuscitation hypothermia. In addition, hypothermia induced after hospital admission would not have had any effect on the primary outcome of ROSC or the secondary outcome of survival to hospital admission. However, the final logistic regression models have relatively modest R 2 values, suggesting that these models may not fully account for the true sources of variation in the reported outcomes.
The LDB device was used on all EMS ambulances in our system, on our supervisor vehicle, and several firstresponder fire units in a rapidly responding EMS system. Although we could not quantitate how long it took our paramedics to use the device (other than a crude estimate from a small sample of paramedic actions at the end of the LDB-CPR phase), every attempt was made to attach and start it as quickly as possible after arrival at the patient's side. All of the benefits of LDB-CPR vs manual CPR occurred when paramedic ambulances arrived on location in less than 8 minutes from the time of 911 call receipt. Our rapid LDB device protocol could, at least in part, explain the clinical benefit persisting to hospital discharge noted in our EMS system compared with a previous study in which a small number of devices were placed on paramedic fire captain vehicles that arrived relatively late in the resuscitation. 26 These hypothesisgenerating observations suggest that the protocol and timing of LDB application may be critical.
Several recent studies [34] [35] [36] have shown that both in-hospital and out-ofhospital CPR quality can be poor at times with long pauses in compressions. This raises the theoretical possibility that, if paramedics during the manual CPR phase were not performing the highest quality CPR (suggested by the relatively low survival rate), shifting to the use of the LDB device could be improving survival by simply improving the quality of CPR. If true, our observations could be confirmation that LDB-CPR is better than suboptimal manual CPR, but it may not be better than high-quality manual CPR. Richmond, like most EMS systems, did not have quality of CPR monitoring technology in place at the time these data were collected. Future studies should include such instrumentation, now that it is becoming available.
Finally, despite our best efforts, we were unable to obtain outcomes for a small proportion (Ͻ3%) of patients. This was due to unknown identity of patients with cardiac arrest at the time of arrest and subsequent difficulties in matching identities with hospital records. Records were most complete for the EMS phase of the study and the outcome ROSC. Thus, the amount of missing data are actually higher among potential survivors, at least to admission, suggesting that our results represent a slight underestimation of survival rates.
CONCLUSION
Our results suggest that a resuscitation strategy using the LDB-CPR on rapidly responding EMS ambulances is associated with improved outcomes, including survival to hospital discharge, in adults with OHCA. These results suggest that the LDB device may be a useful addition to current cardiac arrest treatment options, especially when used early for patients with cardiac arrest who do not respond immediately to a brief period of manual CPR, defibrillation, or both. However, further research (a large, adequately powered, prospective randomized clinical trial that blinds the rescuers to the intervention until they decide to initiate resuscitation) is needed to further define the value of LDB in resuscitation.
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